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ECONOMIC EVALUATION WATER 


McGauhey, ASCE and Harry Erlich2 


ABSTRACT 


The dominant force developing water resources the west has been 
land irrigation presupposing that the maximum economic benefit would result 
from the maximum occupancy land people. The rise industry 
major factor western economy has rendered this criterion inadequate. 
broader policy basis needed which presently unappropriated water 
allocated various beneficial uses such way produce the greatest 
economic yield. 


INTRODUCTION 


has been said that the people the semi-arid west above all others 
the United States know the value water. Certainly this region the line 
which “divides the desert from the sown,” the rich land from the wasteland, 
water line unmistakable the most casual observer. Here the 
Arizona, least one past civilization disappeared because ran out water. 
Today almost every citizen the southwest aware that his present and 
future economy depends upon water, and that without too may one with 
the people who are gone.” Thus broad terms the economic 
worth water self-evident. 

specific terms, however, the value water obscured fast 
array human attitudes that any basis for its economic evaluation becomes 
elusive the extreme. who searches for such basis once confront- 
with conflicting evidence. Sometimes water symbol charity—a “gift 
the gods.” Sometimes the exclusive property the uncharitable. 
the simple basis ownership real estate, some citizens have ‘rights” 
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water beyond those enjoyed other citizens. Under some conditions this 
“right” requires that others must furnish water price agriculture can 
“afford pay.” Always water the cheapest commodity earth, being 
transported long distances, filtered, sterilized, and delivered into our homes 
for five cents ton. 

The very cheapness water leads lack understanding its value 
and confusion its dollar and cents cost with its worth economic 
resource. More important perhaps vast roadblock thinking about the 
economic value water which arises from historical association the whole 
matter water rights and water with public land policy rather than 
with the effects water usage the economy the nation, region, state. 


Development Western Water Under Federal Policy 


Ever since land hungry pioneers trekked across the prairies only dis- 
cover that arid western land, unlike that the humid east, could not culti- 
vated mere breaking the sod, capturing and redistributing the nation’s 
meager water supply has been major objective national policy. That the 
dominant force the development water the west has been the provision 
irrigation supplies evident land and water statistics which reveal that 
although the western states comprise per cent the nation’s land area, 
they contain only one-fourth its water supply but per cent all its irri- 
gated land (see Fig. 1). terms acreage the 1954 Census Agriculture 
reports only 534,647 acres irrigated crops and pasture the entire eastern 
section the United States, compared with 7,048,049 California alone. 

The affinity land use and water use patterns made more apparent 
the striking contrast between eastern and western water use. the eastern 
states, where water supplies are more abundant and better distributed, in- 
dustrial withdrawals account for approximately per cent the total, 
against per cent for irrigation. the western states, however, the situ- 
ation essentially the reverse, with per cent going into industrial uses 
and per cent into irrigation. 

Specifically charged Congress with maintaining agricultural production 
western lands threatened with retrogression desert, the Bureau 
Reclamation has for more than fifty years dotted the region with water de- 
velopment works designed reclaim land impounding wet weather runoff 
and delivering for irrigation. Displayed prominently signs alongside 
these projects somewhat tranquil buffalo, the emblem the Bureau’s 
parent organization, the Department the Interior. Except for few surviv- 
ing specimens preserved living museum pieces, this symbol the frontier 
has long since vanished. There are indications, however, that western water 
policy—whose basic tenets evolved out the same frontier spirit which all 
but obliterated the buffalo—continues conditioned vestiges the same 
wastefulness characteristic early settlement days. This inquiry, therefore, 
concerns the possibility that rigid adherence past policies may aggravate 
contemporary problems confronting the rapidly growing southwest the 
character its economy undergoes transitions and alternate uses water 
compete for scarce supplies. 

Any search for basis which judge the economic worth water must 
necessarily begin with study the factors which have conditioned water 
policy the past, which traditionally have guided such policy, and which tend 
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govern today’s thinking about the use water resources. Evolving under 
obscure intent agrarian economy, water resources development policy 

the west has, from its very beginning, been tied land policy presuppos- 
ing that the maximum economic benefit the nation would result from maxi- 
mum occupancy land people. time when most Americans were 
self-sufficient farmers and agriculture was the mainstay the nation’s econo- 
my, this policy underwriting widespread disposal public lands for de- 
velopment into small farms was logical goal. Policy makers broadly evalu- 
ated water terms its contribution toward making the landless self- 
supporting and toward settling and unifying vast land area. 

westward expansion accelerated and settlers came upon more arid 
areas, they found that the soil could not cultivated with available rainfall. 
Confronted with predicament unforeseen land settlement policy based 
the assumed climatic homogeneity the country, they sought overcome 
the limitation imposed western aridity. Individually and groups, western 
farmers attempted store and divert natural runoff, but limited capital 
generally confined their efforts minor developments. More extensive 
projects based investment financing quickly proved incapable yielding 
profit private capital all but the most favorable locations. Hence 
water demand increased and more distant and costly developments were en- 
visioned store and deliver irrigation water, appeals for federal assistance 
began to- heard throughout the west. The tendency evaluate water re- 
sources chiefly implement land settlement had its inception the re- 
sponse Congress these appeals. Seeking facilitate western expansion 
remedying the region’s water deficiency, Congress enacted number 
laws (principally the Desert Land Act 1877, the Carey Act 1894, and the 
Reclamation Act 1902) foster irrigation projects. first these en- 
couraged private development, but later, when became apparent that capital 
costs could not self-liquidating, publicly-sponsored projects were author- 
ized. 

Direct entrance the federal government into water resources develop- 
ment necessarily meant that the function allocating water was longer 
contingent the price system and that this commodity was distributed 
according whatever was declared public policy its best use. Yet 
clear economic assumptions underlay federal policy. auxiliary adjunct 
land policy not related any defined economic objectives and first designed 
induce extensive homesteading, water allocation the west could based 
only principle widest possible distribution land. Throughout the 
years economic justification for this unwavering policy has been found 
variety short-run goals. Initially the development water reclaim 
public lands was looked upon means achieving mixture conser- 
vation and family-sized farms, and economic stimulant the western 
region. Later rested the justification encouraging home-building and 
preventing destroying land monopoly. During both World Wars food pro- 
duction was considered the main purpose. the intervening depression, cur- 
ing drought conditions, preserving land already under cultivation, and provid- 
ing employment were accentuated. Support for irrigation has also been advo- 
cated means creating markets for goods manufactured the east, but 
now approached mainly within the framework food program. 

Irrigation private lands was originally incidental objective but eventu- 
ally, when public lands had largely passed into private ownership, the distri- 
bution publicly-developed water supplies established enterprises became 
predominant. rationalizing this change concept, irrigation development 
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was likened roads and other public works which public purpose in- 
volved. That the value resulting from the expenditure public funds becomes 
the property private individuals, however, has not seemed weigh heavily 
making federal appropriations. 

Since the depression the 1930’s, criticism national agricultural policy 
has been increasingly severe. While critics indiscriminate extension 
land into additional agricultural production have generally argued that in- 
creased acreage not economically warranted, until recently little consider- 
ation has been given the possibility that such policy might also result 
wasteful commitment limited water supplies. Only the past few years, 
when the nation’s total water supply has been measured against potential long- 
range demand, has such apprehension been expressed. Beginning with the 
1952 report the President’s Materials Policy Commission and subsequently 
typified periodic policy statements organizations such the Engineers 
Joint Council, greater awareness the intrinsic value water has been 
urged. 

becomes apparent then, that federal water policy offers little basis 
which judge the economic value water because its historic orientation 
toward stimulating the expansion irrigated agriculture. fundamental 
premise resource allocation through the price system that the entire 
cost producing commodity reflected its market price. Under feder- 
policy, however, the price water not related the cost incurred 
providing it. Rates for municipal and industrial water are set according 
the market. Revenue from power, the financial backbone multiple purpose 
projects, also based market value. But the price irrigation water 
calculated after all agricultural production costs except water have been met, 
and the price considered greater than farmers can pay, revenues from 
power and municipal and industrial water sales are used make the 
difference. 

-In underpricing water carry out land use objectives, federal policy has 
been inflexible substitute for supply and demand. the agent for channel- 
ing the utilization this resource producers, public policy has encouraged 
use which uneconomical the sense that has led the apportionment 
water manner unrelated the relative yields that might result from its 
use factor production. When industrial growth burst forth, water poli- 
cies founded exclusively concept maximum land reclamation were 
rendered ill-adapted the changing pattern western economic development. 
Industrialization stimulated trend toward urbanization and shift popu- 
lation from farms cities. Consequently urban water demand persistently 
increased and became possible put important amounts water uses 
yielding higher return and creating wider economic benefits than irrigation. 
Clinging tradition, however, federal policy tended stress the application 
water land, and turn, perpetuate agrarian economy the west. 
Thus, became faulty gauge the economic value water. 

summation, governing mechanism for controlling the use water, 
federal policy has not reflected the changing scarcity this resource, its 
relatively utility under alternate uses water short areas. compelling 
corollary this inadequacy stems from the controlling influence water distri- 
bution exerts economic development. the pressure competing bene- 
ficial uses increases, policies which fail take into account the relative 
worth water resulting from alternate beneficial uses different areas may 
conceivably hamper sound economic growth. However appropriate land 
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settlement policy may have been frontier conditions and the nation’s 
early development, now tenuous framework for economic evaluation 
water based optimum use. 


Factors Tending Perpetuate Traditional Concepts 


While federal development water the west may continue more 
federal than state controlled most states except California, all the west 
and especially the southwest has become increasingly concerned with the limi- 
tations water places upon its economic growth. some instances this con- 
cern has outcropped demand for greater share the region’s limited 
water order expand existing agrarian economy. many cases, how- 
ever, state and local leaders have begun consider seriously the possibility 
greater economic return from dedicating important amount scarce 
and many cases declining water supply industrial uses. Thus eco- 
nomic evaluation water takes the form comparing the wealth producing 
capacity water agriculture and industry. Furthermore, many cases 
the inquiry goes even further, into the type industry capable producing 
maximum economic return from given amount water. Hence there 
ample reason believe that better criteria for the economic evaluation 
water would welcomed those responsible for formulating water policy 
western states. 

the search for basis for such criteria becomes important examine 
the forces, aside from the demand for agricultural products occasioned 
population growth, tending foster ever widening extension irrigation 
facilities essentially the exclusive goal water resources development; 
and make some comparisons the wealth producing capabilities certain 
amounts water situation scarce supply. Four factors are primary 


significance. These are financial; land classification; legal; and political con- 
siderations. 


Financial Factors 


Traditional federal policies for financing irrigation works have tended 
obscure the value water. the process drawing upon diffused financial 
sources provide federal reclamation works, traceable benefits have accrued 
some individuals groups justify requiring them pay proportionate 
charges. However, outgrowth historical policy assumptions, federal 
practice has been subsidize irrigation water users. Subsidization from 
general tax revenues results from extending capital cost repayment periods 
under interest-free provisions and from the assignment costs other bene- 
fits multiple purpose development. When capital costs the price water 
subsidized, certain property owners may realize increased values without 
paying accordingly. This procedure violates long-established principles 
assessing users local utilities according benefits received. estimat- 
that the total subsidy irrigator owning 1,000 acres land the 
Central Valley Project California approximates $577,000 over 50-year 
period, $11,540 per year. 

Whether state-sponsored water development projects should follow the 
financing pattern established the federal government for reclamation works 
policy question paramount importance view the very magnitude 
the expenditure involved. This especially true California where plans 
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for state development water resources may within two decades cost 
much the total federal budget for such work the entire United States, 
and ultimately, more than expended the federal government water de- 
velopment the past one hundred years. 


Inadequate Classification Land 


The suitability land for irrigated crops largely dependent inherent 
physical characteristics the soil, topography, climate and drainage con- 
ditions. These factors are subject little modification and they must 
carefully evaluated when determining whether the potential earning power 
land warrants the provision irrigation water. 

Deficiencies land classification have been the source some the most 
costly errors water distribution. some cases failure classify land 
adequately according its productive capacity has tended encourage the 
extension irrigation agriculture beyond wise limits. This inadequacy runs 
through the entire course federal land policy and, relation water de- 
velopment, with yet today both state and national levels. 

Land classification variety forms currently undertaken many 
governmental agencies. These surveys are conducted independently 
functional rather than real basis and are tailored the requirements the 
agency. They differ according the capacity the agency and according 
whether they are prepared soil scientists, agronomists, foresters, geogra- 
phers, highway engineers, urban planners, tax assessors. 

Excluding agencies whom analysis soil quality incidental their 
major function, there are least half dozen public agencies which compile 
data the irrigation potentialities land California. There are varying 
degrees uniformity the classification methods these agencies. 

Land classification surveys are usually differentiated the basis three 
scales denoting the accuracy and amount detail. reconnaissance survey 
general outline land features conspicuous importance planning 
irrigation. survey involves thorough examination lands 
likely devoted intensive agricultural use, while marginal use areas 
are only briefly studied. Arable and non-arable lands are mapped with con- 
siderable accuracy, but the boundaries between different classes arable 
lands are not delineated with the same degree accuracy required ina 
detailed classification. detailed survey involves examination sufficient 
detail permit accurate appraisal the potential utility the land. 

The extent which land classification has influenced water resources de- 
velopment policy and hence contributed basic criteria for the economic 
evaluation water may judged from the situation California. Here, al- 
though the Bureau Reclamation has engaged limited evaluation land 
specific areas where water development proposed, the Soil Conservation 
Service, cooperation with other agencies, has attempted undertake 
statewide survey only since 1934. Progress the survey has been necessar- 
ily slow and expected that the present rate fifteen years will re- 
quired cover the whole state. 

California’s 100 million acres, estimated that per cent are 
not topographically suited for irrigation urban use. the remaining 
million acres, the Soil Conservation Service estimates that approximate- 
per cent have been surveyed detail. During 1949 and 1950 the Soil 
Conservation Service and other agencies completed rapid coverage 
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reconnaissance land and water inventory each county the state. From 
this survey the following tabulation land resources resulted:(1) 
TABLE 


Land According Suitability for Cultivation 


Land Capability Percent 
Classification Totel 
Suitability for Cultivation 1.6 
(16.5 percent) 5.1 
III 5.6 
4.2 
Unsuitable for Cultivation 0.3 
16.3 
VII 30.4 
VIII 32-9 
Unclassified 
Totel 100.0 


Significantly, Table indicates that only 6.7 per cent the land appraised 
Conservation Survey Classes and i.e., land with little 
limitations. comparison relatively small state such Iowa has 
least million acres excellent soils. With more than million acres irri- 
gated 1954, can assumed that virtually all the prime agricultural land 
with high capability characteristics under cultivation California. 

Indicative changing concept irrigability, however, the following 
contrast. When the national program purchasing infertile lands was getting 
under way 1934, the National Resources Planning Board, part 
inventory land productivity classes the United States, estimated that 
there were 4,746,632 irrigable acres California. Land productivity was 
broken down this manner:(2) 


TABLE 


California Land Classified According Productivity 
National Resources Planning Boar 


Acres 
Grade Excellent 46,976 
Grade Fair 3,364,517 
Grade Poor 13, 380, 327 


the current California Water Plan which the state proposes develop 
its own water resources gross area about 20,000,000 acres classified 
suitable for irrigated agriculture, which estimated 16,200,000 acres 
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could irrigated any one season under ultimate conditions development. 
Much the land area deficient water lies the desert areas south the 
Tehachapis and presumably relative that area that many the most 
difficult decisions water policy will have made the coming years. 
these decisions that will become clear whether future water de- 
velopments are based traditional land policy, some new basis 
which alternate uses water enter into the final arbitration. 

cases such this the absence standardized method for evaluating 
the irrigability land becomes critical weakness because opens the way 
for widely varying interpretations potential productivity, especially land 
which neither extremely good nor extremely bad. good example the 
magnitude this problem illustrated Fig. which compares proposed 
water service areas California with generalized Soil Conservation Service 
map indicating dominant land capability. 

Clearly land classification has not weighed heavily the justification 
water resources development and hence its lack has been another factor ob- 
scuring the economic worth water. the absence any criterion based 
upon land classification water deficiency area often interpreted 
justification for bringing water such land. However, such water deficient 
area may well lack other elements conducive agricultural urban develop- 
ment, and, under principle optimum use, greater economic gains might 
realized deferring development favor furnishing additional supplies 
other areas lesser water deficiency but with growth potential. 

The possibility narrowing the area discretion determining water 
distribution adopting land classification data governing criteria seem- 
ingly impeded conflict with judicial protection property rights. 
Property holders have asserted that disqualification land from water de- 
livery through the adoption minimum development standards based upon the 
productivity the soil violates fundamental constitutional guarantees, and 
that denial water the basis land classification tantamount the 
confiscation property values. Where prior water rights are involved, legal 
doctrine provides that the owner may make use the water long 
not wasteful. Because “wasteful” broadly defined, however, may possi- 
ble for land owner with early filings considerable amount water 
extend service relatively unproductive lands even though higher economic 
returns are possible from competing irrigation urban uses elsewhere. 
this connection, abuse sometimes known “show-horning” occurs. This 
involves the exertion political pressure secure the inclusion less pro- 
ductive land adjacent fertile areas when irrigation district formed 
when water distributed. Since pay” criterion based land 
capability, the inclusion poor land affects the extent which irrigation 
subsidized. may properly asked what degree should subsidized water 
used extend irrigation land capable yielding crops only marginal 
amounts? Carried its logical conclusion, the ability pay concept suggests 
that water rights for worthless land should entitle the owner free water. 


Legal Factors 


The expansion irrigation facilities uneconomic manner, the 
sense that they not pay their way, partly attributable the vagueness 
public policy and the obsolescence the legal doctrines used evaluate 
alternative claims water. Unlike land, which converted higher 
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Fig. 2—Relative Withdrawal Water United States, 1950 and 1955 
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economic uses with relative fluidity, water use remains somewhat inflexible 
under state laws governing its allocation. Once right secured becomes 
property right inviolate for all time. Water rights California, for ex- 
ample, may secured the time honored “riparian” concept, the 
“prior appropriation doctrine,” inherited irrigators from the Gold Rush 
miners, who refused recognize the riparian concept and substituted instead 
one “first use, first right.” applied newly-developed water, the 
appropriation doctrine contemplates progressive reservation for future use 
until condition maximum utilization reached. The key determining 
whether the most productive uses will prevail lies the power allocate 
water rights and regulate existing withdrawals. public policy sanctions 
such approach, the agency with discretion grant prior rights po- 
sition implement broad planning function. However, from economic 
standpoint, existing doctrines for evaluating alternative claims property 
rights water are extraordinarily nebulous. 

Legal factors may vary considerably from state state but extremely 
doubtful that any state they provide either clear cut basis which the 
economic value water alternate beneficial uses may judged, create 
administrative arrangement for carrying out water policy which provides 
for the making such judgments. 


Political Factors 


Political factors bearing upon the economic evaluation water concern 
the rivalry numerous competing agencies each having limited objectives, 
and with pressure groups representing combination organizations which 
further irrigation development through legislative bodies strongly predisposed 
toward agricultural interests. The time may well approaching when 
farmers are able select the agency from which they purchase water. Should 
this occur the competitive position any state which develops its own water 
resources somewhat vulnerable because must able sell water ata 
price comparable federal agencies which have financing advantages and 
lower costs resulting from earlier development more productive sites. 

almost exclusive degree political factors are reflected the policy 
maximum application water land. More than any other factor, perhaps, 
they account for uneconomic extension irrigated agriculture. quite 
recent years, however, some very bitter dissension over water rights has 
entered the political arena. the surface these often seem quarrels 
between water-surplus and water-short areas, but closer examination 
industrial-urban demands may found increasingly conflict with the 
traditional concept water resources development provide irrigation water 
price agriculture can “afford pay.” 


Some Economic Implications 


Classical economic theory holds that the price system, operating 
competitive market, efficiently allocates resources according the maximum 
value produced. Supposedly, through this interplay competitive forces 
the free market, uneconomic employment scarce resources gives way 
uses greater demand. While there are many deviations from the classical 
concept the national economy, rarely has the interaction supply and 
demand had less with price determination than the case water. 
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Once the assumption that the value water agriculture should related 
what agriculture can “afford pay” was established, public policy rather 
than the market economy became the control mechanism for allocating di- 
minishing water supplies alternate producers. 

Although the objectives public policies the development, allocation, 
and pricing water have not always proceeded from explicit economic as- 
sumptions, they have generally been tied the notion that the maximum eco- 
nomic benefit the nation would result from widespread land utilization. 
Replacing supply and demand determinant resource allocation pro- 
ducers, public policy has tended underprice agricultural water effectuate 
this historic premise. previously noted, this accomplished several 
ways. Agricultural water subsidized through increased power charges 
industry, the high value product which less sensitive the cost water 
power; and through greater cost electricity domestic consumers, 
whom electricity any case rather cheap commodity. addition, 
municipal and industrial water users are charged with market price and 
surplus revenues are diverted pay irrigation costs. Further subsidization 
has been made available from general tax sources assigning what many 
believe undue portion capital costs less tangible public benefits. 

governing mechanism for controlling the use water then, public 
policy does not necessarily reflect the changing scarcity this resource 
its relative utility under alternate uses. compelling corollary this inade- 
quacy stems from the monitoring role water use economic development. 
factor production, manufacturing and agricultural use, un- 
withdrawn substance recreational use, water has prime, albeit in- 
direct, influence the magnitude which employment, purchasing power, 
and tax revenues are generated. the same time distribution water 
urban and agricultural areas molds the land use makeup the state, key 
aspect its economy. broad sense then, water exerts controlling in- 
fluence the capacity state’s economy support its people. this ex- 
tent the use water various segments the economy has measurable 
economic value, and public resource policies accentuating one form water 
use expansion one geographical area against another may tend en- 
hance retard economic development. While not far-reaching eco- 
nomic effect federal monetary policies the allocation defense con- 
tracts, state water policies—because they are directly involved the pro- 
duction process—may even more useful implementing economic 
development than land use policies have been for municipalities. 

Although public policy influences the volume and nature water use 
well the course economic development, economic and water use develop- 
ments growing outside the framework narrow public water policy can 
turn come exert great pressures upon that policy. This essentially what 
has taken place California. There existing uses water are relatively 
fixed under doctrine granting irrevocable rights prior users. The 
state, however, empowered select future users the unallocated supply 
developed new projects, and this connection that the previously ig- 
nored urban and industrial users have lately begun demand rights equal 
those land. Whether allocation water not already committed through 
prior rights will construed terms economic productivity remains 
seen, but this possibility and the need for policy concerning that 
makes urgent search for criteria which the economic value water may 
determined. The problem means unique the state California 
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even though that state may have certain geographical and climatic advantages 
which make the extension irrigation more than normally profitable. 
varying degrees the entire western part the United States confronted with 
the problem. 

The emergence competitive beneficial uses traditional agrarian 
economy can not ignored, however disturbing may traditional con- 
cepts. Urbanization characteristic modern times and some idea the 
scope its implications the west and southwest may drawn from 
California’s experience even though that state may have come face the 
problem sooner than some its neighbors. 

indicates that the percentage total water used industry and agriculture 
departed significantly from the national pattern the period between 1950 
and 1955. Whereas the relative distribution both uses remained virtually 
unchanged the nation, California irrigation declined 17.2 per cent, while 
self-supplied industrial use, including use saline water, increased 19.6 per 

Table reflects the balance between the aggregate volume industrial and 
agricultural withdrawals for the nation whole, and shows that similar 
percentage increase occurred both between 1950 and 1955. However, 
California, although irrigation use underwent 12.6 per cent increase and re- 
mained predominant during the period, fresh and brackish industrial withdraw- 
als rose 2,050 per cent. More striking perhaps the fact that while the ratio 


between irrigation and industrial use 1950 was 68.5:1, 1955 was but 
3.8:1. 


1950-1955 


United States California 
1950 1955 Change 
Rural 3,564 2,400 41.6 
Public Supplies 13,640 17,000 1,290 
Self-supplied 
Industrial 77,216 110,000 +29.7 295 
Irrigation 78,900 20,450 23,025 12.0 
Total 173,320 240,00 30,595 


Personal Income 


The aggregate income received the residents California from all 
sources determines their ability spend, save, and pay taxes. Personal 
income thus good indicator the state’s economy market for the 
sale goods and services whose production provides employment. Trends 


personal and per capita income are perhaps the key measures economic 
expansion potential. 
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Amounting approximately $30 billion 1955, personal income 
California ranked second only New York, which had $36 billion. The rising 
trend the state’s income indicated Table 


TABLE 


Changes California Income and Percentage 
United States, Selected Years 


1950 1953 1955 

Total income (millions 
5,502 5,839 16,084 19.627 26,642 
United States 9.15 8.70 9.41 9.70 


Between 1950 and 1955 the state’s personal income rose approximately 
per cent. During that period the pattern growth differed markedly from 
the nation whole. While the percentage total income from manufactur- 
ing the United States increased only 1.4 per cent, California’s income from 
this source increased 7.4 per cent. Table depicts the relative extent 
which the three water-using segments California’s economy directly ac- 
counted for personal income received individuals the state 1955. 
Wages and salaries accounted for two-thirds the income received the 


state’s residents. Only one-eighth came from proprietorships including 
farming. 
TABLE 


Percent Distribution Income Industry, 1955 


Average California 


Farms 9.77 6.0 
Manufacturing 25-73 
Services 10.95 


Role Manufacturing 


The magnitude manufacturing’s increasing importance the state’s, 
well the nation’s economy, during the past years indeed striking. 
Table shows that 1955 there were only seven states the U.S.A. which 
manufacturing did not account for more personal income than did farming, and 
only thirteen which farming exceeded services. the period 1933 1955 
the increase personal income from manufacturing California was 3.5 
times that farms and 2.5 times that services. 

These increases underlay marked transition the state’s employment 
structure. Undergoing per cent increase from 1950 1956 (Fig. 
manufacturing has become California’s chief source employment. 
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Fig. 4—Comparison California Water Plan Service Areas and Soil 
Conservation Service Land Capability Ratings 


F 

a . 


WATER EVALUATION 


/ 4. / 


O 


and Services the United States, 1955 


State Region Manufacturing Services 

Continental United States 5.9 31.3 il. 
New England 2.2 39.9 
9.2 32.9 

New Hampshire 3.8 39.2 
1.0 37-6 12.6 
Rhode Islend 0.9 41.9 10.5 

1.4 34.1 

New York 14.7 
New Jersey 41.3 

Pennsylvania 1.8 10.2 

Delaware 9.6 

District Columbie 18.2 

Great Lakes 4.0 42.7 9.3 

Michigen 49.7 8.5 

6.2 

Illinois 4.0 37-3 10.9 

Wisconsin 6.1 39.1 9.0 

Pleins 13.9 21.6 10.1 

Iowa 20.1 9.1 

Missouri 8.9 27-3 10.7 

North Dakota 3.1 

South Dakota 25.3 6.8 9.9 

Nebraska 14.1 10.5 

Kensas 9.8 9.7 


Less than ten per cent those employed California are engaged directly 
agricultural work. The Census Agriculture reports that during the 
harvest season 1954 total 277,753 workers were hired but only 22,277 


were employed 150 days more. Expenditures for hired farm labor 1954 
amounted $410,711,854. comparison, the Census Manufacture re- 
ports that 771,796 manufacturing workers were employed California 


1954 and their wages amounted $3,143,793,000. Ona national basis, the 
average wage per employed factory worker 1955 was $3,979 while the 
average annual farm income per worker was 


Economic Values 


Tables through present some comparisons economic values result- 
ing from utilizing given amount water land and manufacturing. 
While some these data may not precisely comparable because the di- 
versity sources they indicate that California: 
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Manufacturing provides 4.33 times much personal income per 1,000 
gallons water withdrawn per day does farming; 


Farming annually uses 8.6 times much water per employee per day 


does manufacturing; 


Manufacturing produces times much product value farming per 
1,000 gallons water withdrawn per day; 


Urban land taxed 8.7 times more than agricultural land per 1,000 


gallons water withdrawn per day. 


State Region Farms Services 
10.8 
10.4 
10.0 
| 9.0 
10.5 
9.9 
9.3 
12.6 
11.3 
10.8 
12.4 
12.7 
4 
10.8 
9.3 
11.0 
6.3 
4.3 
6.0 
13.0 


TABLE 


Relationship Between Net Value Production and Water 


Use ifornia, 195 


Net value Value production per 
Economic Water Use production 1,000 gallons weter 
Activity (millions per day 
8,597,453 1.37 


Taxes levied per 
ype Water Use 1,000 gallons water 
Real Estate Taxes Levied withdrawn per day 


Farm real estate 23,136 79,219,000 3.42 
‘ity real estate 7,570 217,874,551 29.65 
TABLE 


Between Water Use Personal Income 


Californis, 1955 


Economi Water Use Personal Income Income per 
witharawn per day 
Farming 23,025 434 0.55 
6,280 5,493 


TABLE 


Relstionship Between Water Use and Employment 
California, 1955 


Water Use Employment Annusl 


Economic (million per 1,000 gallons 
Activity gallons/yr average water withdrawn 
Farming 495 employee per 16,976 
Manufacturing 2,292,200 1,163,000 employee per 1,970 


Cc 
s 
€ 


TABLE 
Relationship Between Property Taxes and Water Use 
California, 195 
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The foregoing comparisons means suggest that all the state’s 
water resources were put urban and industrial uses instead into irri- 
gation, California’s wealth would unbounded. Such uses require only com- 
paratively limited quantities. Nor the vast importance agriculture im- 
pugned these comparisons. They do, however, provide basis for judging 
the economic wisdom consigning limited water supplies the irrigation 
land without thorough study the quality the land and without carefully 
considering the possibility that greater economic good might come from as- 
signing some competing beneficial use such water can utilize efficient- 
the production wealth. This becomes especially critical view 
the irretrievability water committed irrigation—both because the vest- 
rights which with the commitment and because irrigation water con- 
sumed during use. 

Unfortunately the aura romance surrounding the transformation desert 
lands into prosperous farms seems have dimmed our awareness the 
relative capacity our agriculture and our industry absorb workers and 
further economic growth under conditions existing today. Despite the fact 
that many western states farm population declining, that many farmers 
rely urban industry for supplemental income, that the bulk our working 
force concentrated cities, and that industrial use rapidly rising, our 
proposals for water resources development show scant heed the necessity 
for establishing equilibrium between water use and economic development. 
While valid criteria for facilitating such economic development the west 
may not found continued “homesteading” water policies, one conclusion 
brought into sharp focus their apparent effects: policy maximum 
application water land will not bring about the highest economic return 
from this scarce resource. The implication this conclusion that the 
value water should measured its ability produce desired economic 
effects. This the major criterion for the economic evaluation water 
which may drawn from the foregoing considerations. 


Wohletz, Leonard and Dolder, Edward F., Know California’s Land, State 
California and Department Agriculture, 1952. 


Natural Resources Board, Report National Planning and Public 
Works Relation Natural Resources and Including Land Use and Water 
Resources With Findings and Recommendations, submitted the President 


accordance with Executive Order No. 6777, Washington, C., 1934, 
127. 


The two reports cited are the first compiled estimates total water use 
for the forty-eight states. 


The Farm Income Situation, Department Agriculture, Agriculture 
Marketing Service, FIS-159, July 17, 1956, Table 25. 
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2060 June, 1959 


Journal the 
IRRIGATION AND DRAINAGE DIVISION 


Proceedings the American Society Civil Engineers 


METEORIC NONMETEORIC GROUND 


ABSTRACT 


the demand has increased for surface water and ground water that 
replenished the hydrologic cycle, many have wondered the possibili- 
ties developing potable non-meteoric water supplies. However, recent re- 


search indicates that practically all juvenile water too highly mineralized 
for most uses. 


Nearly all scientific reports ground water are concerned only with 
meteoric is, water the hydrologic cycle which involves evapo- 
ration, atmospheric circulation, precipitation rain snow, and surface 
and subsurface movement toward the oceans. But what the water that 
not meteoric origin? Many geologists have described several types 
water which have originated recrystallization, dehydration, compression, 
cooling, and other processes that are active the earth’s crust. Have 
missed bet neglecting such possible sources, particularly areas 
short supply where meteoric water insufficient for all desires, and may all 
tied water rights and controversies? How exhilerating would 
tap source proved juvenile water, which, being outside the realm 
the hydrologic cycle, might also deemed beyond the realm es- 
tablished water law! 

Admittedly not easy recognize juvenile water—water that has never 
before appeared the earth’s surface. Although can distinguish juvenile 
from rejuvenated human being, are not well acquainted with water 


Note: Discussion open until November 1959. extend the closing date one month, 
written request must filed with the Executive Secretary, ASCE. Paper 2060 
part the copyrighted Journal the Irrigation and Drainage Division, Proceedings 
the American Society Civil Engineers, Vol. 85, No. June, 1959. 

Publication authorized the Director, Geological Survey. 

Geologist, Ground Water Branch, Water Resources Div. Geological 

Survey, Menlo Park, Calif. 


Geologist, Mineral Deposits Branch, Geologic Division, Geological 
Survey, Menlo Park, Calif. 
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molecules; however, the distinction not important, and most might 
well list “juvenile” and “rejuvenated” waters together, both having originated 
processes related rock development. logical classification non- 
meteoric waters might thus correspond the broad classification rock 
types into igneous, sedimentary, and metamorphic. 

described recent paper (White, 1957b), magmatic water in, 
derived from, magma; may called plutonic water originates con- 
siderable depth, and volcanic water comes from magma the surface 
shallow depth (White, 1957a). Metamorphic water has been associated 
with rocks during their metamorphism, and probably derived largely from 
hydrous minerals during recrystallization anhydrous minerals depths 
many thousands feet, where temperatures are probably more than 400° 
Connate water the interstitial water sediments; 
largely entirely meteoric origin but has been out contact with the 
atmosphere for perhaps millions years, and during that time likely 
changed drastically from the original meteoric water. Presumably there 
are gradations among these three major types nonmeteoric waters, just 
there are gradations among the major types rocks. 

basic distinction between meteoric and nonmeteoric waters suggested 
the fact that the hydrologic cycle includes distillation process vapo- 
rization and precipitation that has counterpart the development non- 
meteoric waters, except for volcanic steam. Thus meteoric water more 
likely fresh—and fresh water much more likely meteoric—than 
nonmeteoric water. There are course numerous exceptions notably 
meteoric water that has passed through soluble rocks and become highly 
mineralized; there little possibility that nonmeteoric waters will not 
highly mineralized. This general rule explains why ground-water hydrologists 
have been concerned especially with meteoric waters—because water users 
desire fresh water—and why many economic geologists have been interested 
the nonmeteoric waters, because their relation ore deposits (White, 
1955). 

Meteoric water might expected dominant the land surface and 
down the level the streams that provide the drainage water the 
ocean; meteoric waters may also far greater depths, according the 
rock permeabilities and opportunities for circulation water, and some 
sediments fresh water has been found depths more than half mile below 
sea level. There greater chance, however, that deep waters may 
nonmeteoric origin. Much our present information about deep waters 
comes from thermal springs, some which are associated with volcanism, 
and some which rise nonvolcanic areas, presumably from great depths. 

pointed out White (1957b), some major types water deep origin 
are believed recognizable from their chemical composition. Oil-field 
brines dominated sodium and calcium chlorides differ markedly from 
average ocean water. general, the brines are believed connate 
origin (“fossil” sea water) and have proportion modern meteoric water 
ranging from negligible high, depending degree flushing. Many brines 
are much higher salinity than sea water and are greatly enriched calci- 
well sodium chloride. Brines whose salinity near that sea 
water are generally higher, relative sea water, bicarbonate, iodine, 
boron, lithium, silica, ammonium, and water-soluble organic compounds, and 
lower sulfate, potassium, and magnesium. 
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Volcanic waters are similar some respects connate waters but are 
believed distinguishable much higher temperature and associated heat 
flow; relatively high contents lithium, fluorine, silica, boron, sulfur, 
arsenic, and antimony; relatively low calcium and magnesium; and 
lack hydrocarbons, water-soluble organic compounds, and perhaps am- 
monia and nitrate. Relatively high boron and combined COg alone are not 
reliable indicators volcanic origin. 

During the compaction that accompanies deep burial sedimentary rocks, 
the rocks lose most their interstitial high-chloride water. Much additional 
water may then lost during progressive metamorphism, and the water 
content changes from about per cent shale perhaps per cent the 
highly metamorphosed rock called gneiss. The expelled water has been called 
“metamorphic.” Because normally pressure increases downward and perme- 
ability deeply buried rocks increases upward, the water generally must 
escape upward and mix with connate and meteoric water. Even though large 
quantities must exist, example metamorphic water has been posi- 
tively identified. 

Recent studies the isotopes hydrogen—tritium H3) and deuteri- 
H2)—and oxygen (018) have provided important new tools for de- 
terminations the origin ground water. Finding tritium water sample 
would conclusive evidence that the water meteoric, least part, for 
the tritium originates chiefly action cosmic rays upon the nitrogen 
atoms the atmosphere—and, recently byproduct the hydrogen bombs, 
distributed worldwide atmospheric circulation. However, because tritium 
has half-life only 12.4 years, the tritium content meteoric water be- 
comes too low measurable after the water has been isolated from the 
atmosphere for more than about years; thus, absence tritium not proof 
nonmeteoric origin water meteoric ground waters are commonly 
more than years old. the other hand, its presence not proof that the 
sample entirely meteoric origin. 

The relative concentrations deuterium and also may value 
identifying the origin water. The evidence from analyses these constitu- 
ents made date indicates that the water from most thermal springs pre- 
dominantly not exclusively meteoric. The average ocean water made 
about 99.77 per cent 0.03 per cent HDO!6, 0.20 per cent 
and minute percentage molecules containing tritium. Since the 
most volatile the three most common water molecules, ocean waters should 
have high concentrations the heavy isotopes, whereas terrestrial fresh 
waters should relatively depleted these isotopes. This pattern well 
confirmed experimentally. Craig, Boato, and White (1956) report that, 
several hundred samples water from snow, rain, rivers, and lakes, the 
deuterium concentration varies about per cent, ranging from per cent 
higher per cent lower than that average ocean water, and the 
concentration varies per cent, ranging from 0.6 per cent higher 3.4 
per cent lower than that average ocean water; the depletions both isotopes 
show general correlation with distance from the ocean, and there gener- 
decrease heavy-isotope concentration with increasing latitude, reflecting 
the continuous loss vapor from the poleward-moving air masses. few 
highly evaporated waters, generally lakes having little external dis- 
charge, the water “heavier” than that the ocean. any given area the 
average meteoric water likely isotopically different from the meteoric 
waters other areas; and any deep water nonmeteoric origin that rising 


the surface especially likely very different isotopically from the 
meteoric water that happens characterize the area into which rises. 
Craig, Boato, and White point out (p. 33-35): 


Thermal waters show strict dependence the isotopic com- 
position the local surface water. They display knowledge the local 
climatic conditions the earth’s surface, knowledge which magmatic 
waters should surely ignorant have positive isotopic evi- 
dence for any juvenile magmatic water any the hot spring 
systems have studied.” 


later paper White (1957a) finds that magma required source 
the observed temperatures and calculated heat flow the thermal springs 
many volcanic areas, and concludes that even these volcanic areas the 
thermal waters have volcanic component that probably does not exceed 
per cent the total. That is, concludes that meteoric water circu- 
lates great depths and places mixes with small proportion magmatic 
water. Thus the thermal waters our best known volcanic areas, 
such Yellowstone Park, are predominantly meteoric rather than mag- 
matic origin. 

contrast, the highly mineralized connate water oil fields and the water 
some saline springs are very different isotopically from the meteoric 
waters occurring and near the surface the same areas (White, 1957b, 
1666-1667). These mineral waters can have mixed but little with modern 
meteoric water. 

During recent conference nuclear process, Harmon Craig (Craig, 


Boato, and White, 1956) summarized the present status istopic geochemis- 
try: 


With our present knowledge could not distinguish magmatic 
water original oceanic origin from truly juvenile water. Further- 
more, low tritium content not, course, unequivocal, since one 
cannot thus distinguish between dead rain water and juvenile water mix- 
ing in. The most important thing combine stable and radioactive 
isotope studies problems this and use many isotopes 
conjunction you can, Then you begin hit hard questions 


such sources, rates, and forth, and you have really powerful 
tool.” 


White (1957a, 1642; 1957b, 1663, 1674-1679) also has shown that any 
large supply water actively flowing the surface from great depth must 
anomalously high temperature. general, temperature rises about 
per hundred feet below the surface. small quantity water could rise very 
slowly from depth and lose most its heat conduction, but water large 
rate flow should arrive the surface with most its original heat content. 

Thus, the evidence seems clear that fresh water low temperature 
virtually certain entirely almost entirely meteoric origin. Future 
study isotopes may expected substantiate this interpretation. 
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LIMITING 


Closure Robert Thomas 


ROBERT THOMAS, indeed gratifying that three such 
eminent authorities Messrs. Woodward, Golze, and Baker have contributed, 
with general endorsement the thesis, the discussion the original paper. 
regretted that greater expression opinion was not forthcoming from 
the profession. felt that the lack widespread discussion may have 
possibly been due the failure the paper communicate adequately the 
intended message. appears that the purpose and intent the paper were un- 
clear, since some aspects the discussions indicate misunderstanding the 
character the essay. Opportunity will taken this closure elaborate 
some the questioned aspects. 

begin with, was stated that the paper was written “evoke wide dis- 
cussion the implications inherent the apparent adverse balance between 
supply and probable demand, and engender recommendations for present 
and future action”. The paper concluded with prediction demand ap- 
proximating 93% the average annual supply when population 450,000,000 
was attained this country. The basic purpose “view with alarm” essay 
is, course, emphasize the implications the problem posed, 
consciously generalized basis, order reinforce the claim immediacy 
ascertaining the solution. was felt that thereby the door was left open for 
discussers point out: 


The population the country increasing rapid rate. 

The increase may exhaust our water supplies past trends excessive 
and improvident use continue into the future. 

The actual year exhaustion, whether 2070, 2170, 2270, 
matters very little. The important point that must faced the 
prospect exhaustion. 

Nevertheless, the population must provided with place live; with 
shelter, food, and clothing; and with employment, which implies basic, 
well processing, industry and services. 

The maximum amount natural fresh water which can made avail- 
able may only about one-half the predicted demand. 

Therefore, must start now study and plan that the solution may 
available when needed. 


Additionally, was felt that the implications were sufficiently serious and 
immediate require conscious and intensive effort arriving the solution. 
suggested that program such the following may appropriate: 


Proc. Paper 1754, September, 1958, Robert Thomas. 
Sacramento, Calif. 


immediate start comprehensive planning, the states the 
federal government cooperation with the states, for each river basin. 
This would determine, with full consideration topography, availability 
surface and underground storage capacity, quantity and variation 
water supply, and requirements all competing uses, the maximum 
quantity water which can conserved the individual basins. This 
quantity will probably vary the range per cent the aver- 
age annual supply. The sum this quantity, for the nation, would 
the maximum quantity which can plan using. The actual quantity 
which can put use may somewhat less, due difficulties that 
might encountered effecting distribution. 

The availability and capability the land and other resources each 
river basin, together with their ability support population and effect 
beneficial use the basin water supplies, must also determined. 
This will enable determination the availability excess supplies, 
permitting export the surplus; deficiencies, requiring import 
meet demand. 

The physical and economic considerations affecting possible exports 
and imports will then studied. This will result the master plan 
for utilization our natural, meteoric, water resources. 

Finally, will able predict, with fair degree certainty, the 
water which must secured from other sources, such 
the oceans, and the location and nature the uses which will made 


felt that appreciable length time necessary make the de- 
tailed studies outlined above and that the extension present use trends into 
the forseeable future, say years, such that may already have 
passed the time when this work should have been initiated. 

Mr. Woodward takes exception the estimate 1.25 acre-feet per acre 
required the humid areas, and the prediction demand for 124 million 
acre-feet per year. pointed out that the 1.25 acre-feet per acre includes 
the return water allowance (irrigation efficiency) and that the estimated total 
really little moment this time. What important the realization 
that the requirement huge, even only one-half two-thirds the 
estimated quantity, and plans should now started meet the requirement 
when occurs. 

Mr. Woodward has misinterpreted the statement relative the value 
irrigated and dry-farmed crops. The conclusion, given the paper, was 
“irrigated acreage will produce twice the value dry-farmed acreage”. The 
fact that available data irrigation pertains principally the semi-arid 
zone does not impute “semi-arid” the conclusions drawn. 

Mr. Woodward has justly pointed out that some types land use may 
subject critical review and analysis. This view certainly concurred in, 
and may appropriate aspect study connection with the suggested 
point (9)—“Integration the economies the United States and 
While full agreement cannot given the implication that forestation might 
low-value use, may well that many lands now devoted production 
forest products might better used for food production while forestry 
practiced more barren less easily accessible areas. 

Mr. Golze’s initial points are covered the introductory material this 
closure, which the scope studies required provide the basis for 
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DISC USSION 


intelligent and competent planning briefly presented. the subject de- 
mineralization saline waters, respectfully submitted that opinion 

the sufficiency present activities the Office Saline Water entirely 
subjective. The writer definitely feels that they should augmented con- 
siderably. far authorization pilot plants Congress concerned, 
unduly long time often elapses between “authorization” and “appropriation.” 

The suggestion for integration the economies the United States and 
Canada goes objectives far beyond the scope boundary commissions 
treaties dividing the waters international streams. Although the pages 
technical journal are not the proper place for critical analyses foreign 
policy, felt that some United States actions, such selling surplus crops 
the world market prices depriving Canadian farmers the opportunity 
for profitable sale farm produce; import controls certain metals which, 
1958, resulted dislocating reductions the Canadian minerals industry; 
and the very recent petroleum curbs, the name national defnese, that has 
caused Canada point out that much our defense depends upon that nation’s 
acquiescence and well-being, can scarcely considered promote cooper- 
ation and friendship. The vast expanse Canada contains tremendous miner- 
al, land, and water resources which, when combined with the population and 
other resources the United States, could result appreciable benefits 
both nations. Therefore, the words “integration” and “economies” refer- 
ence the United States and Canada were meant imply the maximum 
cooperative effort each and every aspect human endeavor. 

With regard Mr. Golze’s final point, has been officially stated(1) that 
the annual overdraft developed water resources California amounted, 
1955, about 4,000,000 acre-feet. Assuming that, the Feather River and 
Delta Diversion Projects were given major impetus and financing this year 
(1959), the water provided could delivered 1970, eleven-year con- 
struction period; and further assuming that the annual overdraft that date 
would only approximate 6,000,000 acre-feet; and further assuming that the 
cumulative overdraft 1955 (although figures are not readily available) 
amounted only 15,000,000 acre-feet; the accumulative overdraft the time 
delivery project water occurred would 90,000,000 acre-feet—no small 
quantity water. Yet, the water made available the presently authorized 
project the order 4,000,000 acre-feet per year, about equal the 1955 
overdraft. felt that similar situations, principle although not magni- 
tude, are occurring other sections the country. believed that the 
ten-year comprehensive, detailed study which resulted The California Water 
Plan, and from which the foregoing conclusions are derived, both singular 
and unique this country. suggested that many other regions might 
surprised and astonished the answers which might derived from similar 
studies. 

felt that most Mr. Baker’s comments have already been answered, 
least part. However, with regard the magnitude hydro-electric 
generation, two aspects seem worthy mention. First, the estimate hydro 
power increased from 115 billion kwh 270 billion kwh, appreciable gain 
itself. Second, the fluctuation demand for hydro power, unless ample re- 
regulation facilities are provided, alternatively competitive timing 
demand accruing from many other uses water. Since power may pro- 
duced substitute facilities, was assumed the power considerations would 
secondary other demands for use water supplies. 
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general, the discussors approved the principal ideas expressed the 
paper. This closure sense critical the points raised felt 
that such criticism undoubtedly resulted from failure the author present 
his major premises clear and adequate manner. 
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UPSTREAM IRRIGATION IMPACT COLUMBIA RIVER 


Discussion Raphael Kazmann 


all picture the role upstream irrigation the reduction peak flows 
the Columbia River and the possible increase low flows. the writer’s 
understanding the gross figures are correct, for million acres irrigat- 
land the net consumptive use water would about million AF/yr and 
the expected maximum would about million minor percentage 
the 121 million AF/yr which was, the average, available. 

Using the gross delivery figures this would mean the diversion, during 
100-day irrigation season, about 150,000 cfs present and about 230,000 
cfs ultimately. These gross figures must compared with the average flow 
about 350,000 cfs the Dalles during the growing season. 

The difficulty that all these figures are averages. Whereas the key 
question for farmer, and for irrigation project, the adequacy the 
water supply during the critical drought years. 

Therefore would most desirable, and would add the value this 
paper, the author would indicate his closure the computed effect the 
present and the maximum probable future diversion upon the recorded monthly 
flow the Columbia River during the driest year record. Inasmuch 
water supply system can best appraised the basis operation during 
dry periods, the information presented the paper should supplemented 
elucidate the water supply and hydro-power situation during the critical 
year, years. 

Another subject that would desirable for the author enlarge upon 
the statement that the “major part the water supply irrigate the 19,000 
acre Kennewick Division the Yakima return flow virtue 
irrigation 450,000 acres upstream divisions the Yakima Project.” 
The author states that “the Yakima Project diverted AF/acre”. 
Even allowing for consumptive use averaging much AF/acre, this 
would leave total about 1.1 million acre-feet designated “return flow” 
supply adequate furnish water for about 175,000 acres. The Kennewick 
Division only 19,000 acres irrigated area. information available 
what happened the water not used Kennewick? How the return 
flow from the irrigation projects distributed throughout the year? Answers 
these questions and description the techniques used obtaining them 


would useful the profession well the planners similar 
projects. 


Proc. Paper 1965, March, 1959, Harold Nelson. 
Cons. Engr., Stuttgart, Arkansas. 
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PROCEEDINGS PAPERS 


The technical papers publishea the past year are identified number below. 
sponsorship indicated abbreviation the end each Paper Number, the symbols referring to: Air 
Transport City Planning (CP), Construction (CO), Engineering Mechanics (EM), Highway Hy- 
(HY), Irrigation and Drainage (IR), Pipeline Power (PO), Sanitary Engineering Soil 
Mechanics and Foundations (SM), (ST), Surveying and Mapping (SU), and Waterways and Harbors 
(WW), divisions. Papers sponsored by the Department of Conditions of Practice are identified by the symbols 
(PP). For titles and der coupons, refer the appropriate Engineering.” Beginning with 
Volume (January 1956) papers were published Journals the various Technical Divisions. locate 
papers inthe Journals, the after the paper number are followed numeral designating the issue 
particular which the paper For example, Paper 1859 identified 1859 (HY 
which indicates that the paper contained the seventh the Journal the Division 


during 1956, 

(1958) 

q 

(PL2), 1667(PL2), 1668(PL2), 1669(AT1), 1674(PL2), 1675 


1677(SA3), 1680(SA3), 1681(8A3), 1682(SA3), 1684 


VOLUME (1959) 


APRIL: 1990(EM2), 1994(HY4), 1995(HY4), 1997(HY4), 1998 


19596 CO1). ‘ 
MARCH: 1960(HY3), 1961(HY3), 1962(HY3), 1963(IR1), 1964(IR1), 1967(SA2), 1968(SA2), 
1969(ST3), 1970(6TS), 1971(ST3), 1972(STS), 1973(ST3), 19754 , 1976(WWI), 1977 (W' 
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several papers, grouped divisions. 


| 
q 
1 


Term expires 


WALDO BOWMAN 
SAMUEL MORRIS 


Term expires October, 
CLINTON HANOVER, Jr. 
LELAND 
HOWARD PECKWORTH 
FINLEY LAVERTY 
WILLIAM 
RANDLE 


PRESIDENT 
FRANCIS FRIEL 


VICE-PRESIDENTS 


DIRECTORS 


expires October, 1960: 


PHILIP RUTLEDGE 
WESTON EVANS 


SHELBURNE 


CRAIG 
DONALD MATTERN 
JOHN RINNE 


AMERICAN SOCIETY CIVIL ENGINEERS 


OFFICERS FOR 1959 


Term expires October, 1960: 
PAUL HOLLAND 
LLOYD KNAPP 


Term expires Ociober, 1961: 


THOMAS FRATAR 
EARL 
VENTRES 
CHARLES BRITZIUS 
WAYNE 
FRED RHODES, 
VEATCH 


PAST PRESIDENTS 


Members the Board 


~* 
MASON LOCKWOOD HOWSON 


EXECUTIVE SECRETARY 
WILLIAM WISELY 


ASSISTANT SECRETARY 


LAWRENCE CHANDLER ENOCH NEEDLES 


PROCEEDINGS THE SOCIETY 


HAROLD LARSEN 
Manager Technical Publications 


PAUL PARISI 
Editor Technical Publications 


| 


SCHECHTER 


COMMITTEE PUBLICATIONS 
HOWARD PECKWORTH, Chairman 
PHILIP RUTLEDGE, Vice-Chairman 


TILTON SHELBURNE FRED RHODES, 


ASSISTANT TREASURER 


ry. 
4 $ 
4 
| 
Mg 
j 
5 
| 
¥ a 
* 


~T 


& 


JUNE 1959 
VOLUME PART 


‘Lee 


NEWS 
THE 


IRRIGATION 
AND 


DRAINAGE 
DIVISION 


ASCE 


SOCIETY 


ENGINEERS 
FOUNDED 


1852 


JOURNAL THE IRRIGATION AND DRAINAGE DIVISION 
PROCEEDINGS THE AMERICAN SOCIETY CIVIL ENGINEERS 


| 
4 
4 : 
: 


4 
— 
| 
4 
| 
~ 
| 
xe 
| 
4 | 
3 | 
| 
| 


June, 1959 


DIVISION ACTIVITIES 
IRRIGATION AND DRAINAGE DIVISION 


Proceedings the American Society Civil Engineers 


NEWS 


June, 1959 


Executive Committee, Irrigation and Drainage Division, ASCE 


Dean Hjalmar Person, Chairman (University Wyoming) 
1315 Park Avenue, Laramie, Wyo. 


John Bliss, Vice-Chairman 
125 Castillo St., Santa Fe, 


William Donnan, Secretary 
Box 629, Pomona, Calif. 


Kenneth Volk, Chairman, Committee Session Programs 
7024 Melrose Avenue, Los Angeles 38, Calif. 


Prof. Christensen, (Cornell University) 
412 Haushaw Road, Ithaca, New York 


Finley Laverty, Contact Member from Board Direction 
Box 2418, Terminal Annex, Los Angeles, Calif. 


* * * 


Carl Wilder, Newsletter Editor 
3223 So. Columbine St., Denver 10, Colo. 


Calendar Coming Meetings 


July 1-3, 1959. Annual Conference, Hydraulics Division, ASCE. Colorado 
State University, Fort Collins, Colo. Includes field trips USBR Hydraulic 
Laboratory, Denver, June 29, and over Colorado-Big Thompson irrigation 
project June 30. 

August 24-29, 1959. 8th Congress International Association for Hy- 
draulic Research. Ecole Polytechnique, Montreal, Quebec, Canada. 

August 27-29, 1959. Annual technical conference, Irrigation and Drainage 
Division, ASCE. Albany Hotel, Denver, Colo. 


Note: No. 1959-23 part the copyrighted Journal the Irrigation and Drainage 
Division, Proceedings the American Society Civil Engineers, Vol. 85, 
June, 1959. 


Copyright 1959 the American Society Civil Engineers. 
1959-23--1 


1959-23--2 June, 1959 


October 19-23, 1959. National Convention, ASCE, Hotel Statler, 
Washington, Irrigation and Drainage Division plans sponsor three 
four half-day sessions the theme, “Irrigation Around the World.” 

March 7-11, 1960. National Convention, ASCE. Jung Hotel, New Orleans, 
La. Irrigation and Drainage Division tentatively plans hold three half-day 
sessions on: Irrigation and drainage humid areas; Humid area water 
rights; and drainage. 

Get touch with one the following members our committee 
Sessions Programs you would like offer paper discussion any 


Kenneth Volk, Chairman, 7024 Melrose Ave., Los Angeles, Calif. 
Christensen, 712 Haushaw Road, Ithaca, 

Governor George Clyde, 1747 Browning Ave., Salt Lake City, Utah. 
Dr. Israelsen, 485 East 6th North St., Logan, Utah 

Herbert Prater, 2001 So. Madison St., Denver 10, Colo. 


Chairmen other standing committees the Irrigation and Drainage Di- 
vision are: 


Committee Publications: Dean Peterson, Jr., Utah State University, 
Logan, Utah. 


Committee Cooperation with Local Section: Mark Davidson, 2432 So. 
Jasmine St., Denver 22, Colo. 


Committee Consolidation and Progressive Betterment Old Irrigation 
Systems: Alvin Bishop, Utah State University, Logan, Utah 


Committee Drainage Irrigated Lands: Charles Maierhofer, 
666 Marion St., Denver 18, Colo. 


Committee Ground Water: Harvey Banks, Dept. Water Resources, 
Sacramento, Calif. 


Committee Irrigation and Drainage Practices Humid Areas: Marion 
Boyer, 1330 Michigan St., Room 377, Indianapolis, Indiana 


Task Group Water Rights Laws States Humid Areas: James 
Seay, Jr., 516 Goodwyn Inst. Bldg., Memphis, Tennessee. 


Committee Research: Gerald Keesee, Bureau Indian Affairs, 
Box 912, Gallup, 


Committee Water Supply and Conservation: Harry Blaney, 215 West 
St., Los Angeles 14, Calif. 


Task Group Methods Conserving Water: Arthur Bruington, 636 
Hermosa Ave., San Gabriel, Calif. 


Task Group Consumptive Use Water Irrigated Crops and Native 
Vegetation: Harry Blaney. 


Task Group Re-Use Drainage Water and Water Reclamation: Lloyd 
Myers, Jr., Box 815C, Route Tempe, Arizona. 


Task Group Water Management: Charles Thomas, Cowper Street, 
Berkeley, Calif. 
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ASCE Irrigation and Drainage Division 1959-23--3 


Task Group Water Quality: McGauhey, 6819 Snowden Ave., 
Cerritto, Calif. 


These men are constantly need help from other society members. 
Why not volunteer your talents the one heading the committee that work- 
ing your field interest? 


* * 


The Executive Committee met Los Angeles during the February National 
Convention. Most the deliberations and decisions were concerned some 


way with programs sponsored the Division activities its com- 
mittees. 


All members this division soon will receiving definite information 
the August 27-29 conference Denver. This meeting will jointly 
sponsored our division ASCE and the American Meteorological Society. 
The overall theme is: “Weather Modification Artificial Means.” General 
Co-chairmen the conference will Dr. Christensen, representing this di- 
vision, and Robert Elliott, President, North American Weather Consultants, 
Goleta, Calif., representing the AMS. Local chairman Robert Mueller, 
president the Colorado Section Division. 

Four half-day technical sessiogs are scheduled for the Denver portion 
the conference, and plans are being made for all-day field trip the High 
Aititude Observatory near Climax. This trip will not only interesting from 
professional standpoint but also will give visitors opportunity see 
some America’s finest mountain scenery. 

isn’t too early for you make plans spend part your 1959 vacation 
Colorado, taking this conference and also Colorado’s “Rush the 
Rockies” Centennial Celebration, which will full swing August. Many 
you will recall the very profitable and enjoyable division conference held 
Denver September 1955. You may assured that Colorado hospitality 
this “Rush the Rockies” centennial year will equally good. 


Charles Maierhofer, Chief the Office Drainage and Groundwater 
Engineering, Bureau Reclamation, Denver, has been elected chairman 
the Executive Committee the National Committee, International Com- 
mission Irrigation and Drainage. Other members ASCE who recently 
were elected serve the Executive Committee this organization are: 
Wendell Johnson, McKnight, James Stratton and Tipton. 

the time this writing, plans for the first Triennial Conference 
USICID held Reno, Nevada, May and were substantially com- 
pleted. Members ASCE the program this conference include: 


John Bonner, PG&E, San Francisco; Tipton and Olin Kalmbach, 
Denver; Harry Adams and Preston Bennett, Corps Engineers; Lloyd 
Myers, Jr., Agricultural Research Service; Walter Garstka and Ray 
Winger, Jr., Bureau Reclamation; and Gen. Stratton, TAMS, New York. 
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Programming this conference was arranged the Technical Activities 
Committee USICID whose chairman Thomas, ASCE. 


* * * 


The March contained listing the members the Water 
Supply and Conservation Committee, whose chairman Harry Blaney. 
Herewith detailed statement the purposes this committee and its 
five task groups. 


Water Supply and Conservation Committee 


Purpose: study and report problems connected with the conservation 
water supplies principally for irrigation; promote the collection and 
compilation data pertaining water conservation, giving particular at- 
tention the following: 


(a) Methods conserving water; 
(b) Consumptive use water for irrigated crops and native vegetation; 
(c) Re-use drainage water; 

(d) Watershed management; 

(e) Water quality; 


and act clearing house for the coordination and dissemination infor- 
mation-on these subjects meetings and Division conferences. 


Task Group Consumptive Use Water for Irrigated Crops and Native 
Vegatation 


Purpose: assemble and codify all known consumptive use measurements 
and all known empirical methods for estimating consumptive use unit values 
with view the preparation manual for determining consumptive use 
water primarily for irrigation purposes various areas the World. 


Task Group Methods Conserving Water 


Purpose: make comparative study various methods conserving 
water primarily for irrigation purposes, such storage surface reser- 
voirs and underground reservoirs study the design and cost water 
spreading control structures; and promote work evaporation suppression. 


Task Group Re-Use Drainage Water 


Purpose: develop and disseminate information relative the sources 
waste waters suitable for reclamation and used primarily for irri- 
gation purposes; and set forth the principles, methods and practices for re- 
claiming and utilizing such waters for the irrigation agricultural lands. 


Task Group Water Quality 


Purpose: initiate study methods for the maintenance water 
quality primarily for irrigation uses and study problems and technical 
methods restoring quality irrigation and drainage water. 
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ASCE Irrigation and Drainage Division 1959-23--5 
Task Group Watershed Management 


Purpose: make study the impact man-made developments the 
natural regimen watersheds such modification weather, vegetation 
cover, suburban encroachment, and lined channels all which influence the 
total available water supply for irrigation purposes. 


* * 


The March 1959 joint meeting the Hydraulics and Irrigation and Drainage 
Divisions the Colorado Section was sponsored the former. They present- 
Earl Mosley, ASCE, Project Engineer for the Denver Water Board, who 
described the planning, design and construction the 23.3-mile long Harold 
Roberts tunnel. This concrete-lined tunnel, expected cost upwards 
$50 million, will capable transporting estimated 150,000 acre-feet 
water annually from the Blue River, just west the Continental Divide, the 
Denver area. Driving the tunnel progressing from four headings; one 
each end, and two from vertical shaft about half way between the west adit 
and the divide. Mosley also described other tunnel conduit, and treatment 
and storage facilities that are currently under construction. 

The April meeting was sponsored the Division. Howard Curtis, 
Chief the Canals and Pipelines Section, Bureau Reclamation, discussed 
the Bureau’s experiences with underground pipe irrigation systems. That 
agency has designed and supervised the construction thousands miles 
systems utilizing low-head unreinforced concrete pipe and high pressure steel 
and concrete cylinder pipe. Curtis also described recently developed methods 
constructing unreinforced cast-in-place pipe. During the past twelve years 
Curtis’ section has designed over 1200 miles pipe irrigation systems 
serve 290,000 acres districts California alone. forecast increased 
demands from irrigation interests elsewhere for underground water distri- 
bution systems. 

The May 1959 meeting these two divisions present talk, “Ground- 
water the Denver Basin,” George Chase the Geological Survey. 


Are any other sections sponsoring programs irrigation drainage? 
Let know can publicize your activities. 


* * * 
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